The cellular response to ionizing radiation (IR) includes the induction of apoptosis. The p300/CBP proteins possess histone acetyltransferase activity and function as transcriptional coactivators of p53. We have prepared cells de®cient in p300 or CBP to de®ne the roles of these proteins in the cellular response to DNA damage. The present results demonstrate that p300, but not CBP, contributes to IR sensitivity of cells. The results also demonstrate that IR-induced apoptosis is impaired in the p300-, but not CBP-, de®cient cells. These ®ndings indicate that p300 functions in the apoptotic response to DNA damage.
The cellular response to DNA damage includes cell cycle arrest and activation of DNA repair. In the event of irreparable damage, cells execute a program of apoptosis. An issue concerning the genotoxic stress response is how DNA damage is converted into informational intracellular signals that regulate cell survival or induction of apoptosis. Certain insights into this issue have been obtained from cells exposed to ionizing radiation (IR) and other DNA-damaging agents. IR induces double-strand breaks (Kemp et al., 1984) and thereby activates the nuclear DNAdependent protein kinase (DNA-PK) (Carter et al., 1990; Jackson et al., 1990; Lees-Miller et al., 1990) . Whereas DNA-PK in turn phosphorylates and activates the pro-apoptotic c-Abl tyrosine kinase (Kharbanda et al., 1995 Yuan et al., 1997) , cAbl contributes to the transactivation function of the p53 tumor suppressor in the IR response (Sionov et al., 1999; Yuan et al., 1996) . The nuclear factor kB is also activated by IR exposure (Brach et al., 1991; Mohan and Meltz, 1994; Wang et al., 1996) . Other ®ndings that IR activates transcription of the c-jun and Egr-1 early response genes have supported the involvement of nuclear signals (Datta et al., 1992; Sherman et al., 1990) . IR-induced activation of transcription factors presumably represents early nuclear signals that regulate longer-term changes in gene expression which contribute to the IR response.
The p300/CBP family of transcriptional coactivators exhibit histone acetyltransferase activity and link transcription to chromatin remodeling (Giles et al., 1998) . The closely related p300 and CBP proteins interact with diverse transcription factors such as cJun, nuclear receptors and components of the basal transcriptional machinery (Giles et al., 1998) . Other studies have demonstrated that p300 and CBP interact with p53 (Avantaggiati et al., 1997; Lill et al., 1997) . The complex of p300 and p53 binds to DNA (Lill et al., 1997) and acetylation of p53 by p300 regulates p53-mediated sequence-speci®c DNA binding . CBP also potentiates the transcriptional activity of p53 . A dominant negative form of p300 has also been used to inhibit p53-mediated G1 arrest and apoptosis (Avantaggiati et al., 1997) . These ®ndings have implicated p300/CBP as important coactivators of p53-dependent nuclear signals.
We have expressed in human MCF-7 cells ribozymes speci®c for p300 or CBP transcripts to establish transfectants that are de®cient in p300 or CBP (Yuan et al., 1999) . As controls, cells were transfected with inactive p300 or CBP ribozymes. Immunoblot analysis of the transfectants demonstrated that cells expressing the active, and not the inactive, p300 ribozymes are de®cient in p300 (Yuan et al., 1999) . Conversely, cells expressing the active CBP ribozyme were de®cient in CBP and not p300 (Yuan et al., 1999) . Exposure of the p300 de®cient cells to IR had no detectable eect on p300 expression (Figure 1a) . IR also had no eect on expression of CBP in cells expressing the active CBP ribozyme ( Figure 1b) . As previous studies have demonstrated that p300-de®cient mouse embryo ®broblasts exhibit defects in proliferation , we asked if a de®ciency in p300 or CBP confers eects on MCF-7 cell growth or viability. Assessment of proliferation demonstrated that the p300-de®cient cells exhibit a slowed growth rate (Figure 1c) . Similar ®ndings were obtained in the CBP-de®cient cells (Figure 1c ). Analysis of cell cycle distribution demonstrated patterns for the p300-and CBPde®cient cells that were comparable to those obtained for control cells (data not shown). Also, viability of both the p300-and CBP-de®cient cells was comparable to that of control cells. These ®ndings indicate that both p300 and CBP are essential for proliferation. Alternatively, MCF-7 cell proliferation, like mouse embryo cells , may be dependent on a critical total number of p300 and/or CBP molecules.
To assess the role of p300 and/or CBP in apoptosis induced by DNA damage, we compared IR sensitivity of the p300-and CBP-de®cient cells to that of control cells. In clonogenic survival assays, the p300-de®cient cells exhibited resistance to IRinduced killing as compared to cells expressing the inactive p300 ribozymes (Figure 2a) . By contrast, the CBP-resistant cells exhibited little if any resistance to IR treatment (Figure 2a) . TUNEL assays were used to assess whether the radiation-induced cell death was by apoptosis. Whereas exposure of the CBPde®cient cells to IR resulted in increased staining, there was clearly less apoptosis in the irradiated p300-de®cient cells (Figure 2b ). Independently selected clones expressing the inactive and active ribozymes (Yuan et al., 1999) yielded similar results (data not shown).
To con®rm the observation that p300, and not CBP, contributes to IR-induced apoptosis, MCF-7 cells expressing the inactive and active p300 ribozymes were irradiated and then analysed for sub-G1 DNA content. Similar studies were performed on cells expressing the inactive and active CBP ribozymes. The results demonstrate that cells de®cient in p300 exhibit less IR-induced sub-G1 DNA than control or CBP-de®cient cells ( Figure  3a) . Approximately 40% of the cells expressing inactive ribozymes exhibited sub-G1 DNA ( Figure  3b ). Similar ®ndings were obtained with the CBPde®cient cells (Figure 3b ). By contrast, less than 15% of the irradiated p300-de®cient cells had fragmented DNA characteristic of apoptosis ( Figure  3b) .
Previous work has demonstrated that p53 associates with p300 and CBP (Avantaggiati et al., 1997; Lill et al., 1997) . Recent ®ndings in MCF-7 cells, however, support selective physical and functional interactions between p53 and p300, but not CBP (Yuan et al., 1999) . In this context, p300-de®cient, and not CBP-de®cient cells exhibit defects in IR-induced accumulation of p53 (Yuan et al., 1999) . Moreover, the transactivation function of p53 was abrogated in p300-de®cient, and not CBPde®cient, cells (Yuan et al., 1999) . The discrepancy of the present ®ndings and those demonstrating that CBP interacts with p53 may be related to the dierent cell models. Other studies have demonstrated that complexes of p300 and MDM2 participate in MDM2-mediated degradation of p53 (Grossman et al., 1998) . Thus, p300 may in dierent contexts contribute to both p53 accumulation and degradation.
The responsiveness of irradiated cells to undergo G1 arrest and apoptosis has been associated with expression of wild-type p53 (Clarke et al., 1993; Kastan et al., 1991 Kastan et al., , 1992 Lowe et al., 1993a,b) . Mutants of p53 have been used to demonstrate that the G1 arrest and apoptotic responses to DNA damage are eected through distinct p53-dependent mechanisms (Friedlander et al., 1996; Polyak et al., 1996; Rowan et al., 1996) . Our previous work in MCF-7 cells has demonstrated that p300, and not CBP, is necessary for IR-induced G1 arrest (Yuan et al., 1999) . The present ®ndings demonstrate that p300 is also necessary for the apoptotic response to DNA damage. Thus, p300 could contribute to cell fate, that is growth arrest and repair or induction of apoptosis, in the response to genotoxic stress. Regulation of the p21 cell cycle inhibitor also requires normal levels of p300 and not CBP, whereas the reverse was found for regulation of p27 (Kawasaki et al., 1998) . Thus, defects other than accumulation of p53 in the irradiated p300-de®cient cells may contribute to the attenuated apoptotic response. Our ®ndings therefore support a model in which: (i) p300 regulates the sensitivity of cells to irradiation; and (ii) p300 has a pro-apoptotic function in the DNA damage response. Mutations in tumor cells that abrogate p300 function could thus confer resistance to IR and other genotoxic agents.
